ABSTRACT
RESUMO

O objetivo deste estudo foi determinar as características físico-químicas do pólen coletado pelas abelhas amazônicas sem ferrão, Melipona seminigra e Melipona interrupta, para verificar se suas características atendem aos requisitos físico-químicos estabelecidos no Regulamento Técnico Brasileiro de Identidade e Qualidade de Pólen Apícola. As análises físico-químicas foram realizadas através de métodos analíticos oficiais. Os resultados das
análises do pólen coletado por M. seminigra e M. interrupta foram, respectivamente: umidade: 53,39 e 37,12%; proteínas: 37,63 e 24,00%; lipídeos: 10,81 e 6,47%; cinzas: 4,03 e 2,74%; fibra bruta: 9,30 e 13,65%; carboidratos: 25,66 e 44,27%; energia: 350,47 e 331,33kcal%; pH: 3,70 e 3,34; sólidos totais: 46,60 
INTRODUCTION
Bees collect pollen from plants groups which are specific for each species (KERR et al., 2001) . They transport it to the hive, compressed with nectar in the pollen baskets of their third pair of rear legs (VIT & SANTIAGO, 2008) . After some time of storage, the stingless bees regurgitate glandular substances into a pollen pot, for fermentation and for their own consumption (KERR et al., 1996) . Pollen has also been occasionally consumed by humans, as a supplement food, in industrialized capsules (KROYER & HEGEDUS, 2001) , either added to honey or pure and dehydrated.
Although honey production is significant, there is a growing interest in bee pollen mainly due to stimuli to consume natural products for a healthy diet or therapeutic effects (SALOMÉ & SALOMÉ, 1998; PETERSEN et al., 2011) .
Because of its floral origin, bee pollen may have a variable composition depending on the region or season (MODRO et al., 2007) . Its composition includes proteins, lipids, fibers (MARCHINI et al., 2006) , minerals (FUNARI et al., 2003), vitamins C and E and β-carotene (ALMEIDA-MURADIAN et al., 2005; OLIVEIRA et al., 2009) , free amino acids (PARAMAS et al., 2006) , sugars (QIAN et al., 2008) , unsaturated fatty acids (FEAS et al., 2012) , and phenolic compounds (MARGHITAS et al., 2009) .
The main bee species created in Brazil is Apis mellifera Linnaeus, 1758, from Europe and Africa. The most worldwide studied type of pollen is that collected by the species A. mellifera, and little is known about the chemical composition of pollen collected by the stingless bees. In this sense, knowing its components is important to characterize the products obtained from different regions, climates, and bee species, to have a better quality control, and encourage the creation of stingless bees for commercial extraction of their products.
The first purpose of the present study was to analyze the physicochemical characteristics of pollen collected by the Amazonian stingless bees M. seminigra and M. interrupta to verify whether there are differences between them. An additional purpose was to know whether their characteristics meet the physicochemical requirements as established in the Technical Regulation for Identity and Quality of Bee Pollen (BRASIL, 2001) , which is based on pollen collected by the stinging bee A. mellifera.
MATERIALS AND METHODS
The pollen samples were collected in colonies of stingless bees of the species M. seminigra and M. interrupta, in March 2010. Colonies belong to the Meliponary of the Group for Research on Bees, which is located in the Instituto Nacional de Pesquisas da Amazônia in Manaus, AM, Brazil.
Closed cerumen pots with pollen were withdrawn from the hives of both species and were later unoperculated. Part of the fresh pollen was separated for analysis of water activity, pH, total solids, and moisture. The other part of the pollen was lyophilized (8h) in a Terroni ® (LS-3000) lyophilizer, macerated, stored in polyethylene vials with cap, and kept under refrigeration (4°C) on a dry basis until analysis. All analyzes were performed in triplicate.
Moisture content was evaluated by desiccation in a vacuum oven (70°C) according to the 926.12 AOAC (1996) method, until constant weight was reached. The protein percentage was determined by the Kjeldahl method (AOAC, 991.20; 1996) , by which the total nitrogen content of the sample was calculated.
Lipids were determined using the method of BLIGH & DYER (1959) , by which the lipids were extracted with a cold mixture (chloroform, methanol, and water) of solvents. The ash content was determined by incineration in a muffle (550°C), according to the 900.02 method (AOAC, 1996) . The percentage of crude fiber was determined by the method recommended by the AOAC (1996) .
The percentage content of available carbohydrates was calculated by the difference between 100 and the sum of water, protein, lipid, crude fiber, and ash percentages. The energy value was calculated from the content of protein, carbohydrates (subtracting the crude fiber content) and lipids, according to the Atwater (4.0, 4.0, and 9.0kcal g -1 , respectively) factors (MERRILL & WATT, 1973) .
The pH values were determined by using a previously calibrated digital pH meter (model pHS-3B; Labmeter 
RESULTS AND DISCUSSION
The physicochemical characteristics of the pollen collected by M. seminigra and M. interrupta are shown in table 1.
Moisture
The pollen samples of both bees (Table 1) showed not to comply with the Technical Regulation for bee pollen, which recommends 30% as the maximum value for moisture. SOUZA et al. (2004) , lyophilized (8h) and determined the mean moisture of 36.9%, (range: 22.3-49.2%) in pollen samples collected by stingless bees of the genus Melipona, in the period of Nov-Dec 2002, in the state of Amazonas. In the present study, the mean values for pollen collected by M. interrupta were similar to those determined in the literature.
MARCHINI et al. (2006) investigated pollen samples collected by honeybees A. mellifera, in the region of Piracicaba, SP, Brazil, and reported a mean value of 33.2% in Jan/2000, the period when more rain occurred in the studied area. These authors stated that bee pollen is an extremely hygroscopic material, which can be affected by environmental conditions. For this reason, it is likely that the samples used in the present study showed a high moisture content, as they were collected in a period (March) when the air relative humidity is usually high and the atmospheric precipitations are intense in the Amazon region (ANDREAE et al., 2002) . The high moisture content of meliponine-collected pollen can favor fermentation processes, which are characteristic of stingless bee pollen.
BASTOS et al. (2003) analyzed the composition and quality of pollen collected by A. mellifera, which is sold in some cities in the states of São Paulo and Minas Gerais, and reported a percentage moisture of 19.3%. However, these authors used a volumetric method based on aquametry with the "Karl Fischer" reagent.
Protein
Bee pollen usually has a high protein content (MODRO et al., 2007) . Pollen samples analyzed in this study presented a high content of this nutrient (Table 1) , when compared to samples studied by other researchers. The standard factor to convert nitrogen into protein content is not defined in the current regulation (BRASIL, 2001) , and this lack should be considered regarding pollen protein analysis by the Micro Kjeldahl method. Authors such as BELL et al. (1983) claim that factor 6.25 may overestimate the protein content, and recommend the use of factor 5.6 to convert nitrogen into protein content. These authors reported that about 30% of nitrogen content determined in pollen samples may be of non-protein origin, because a large part of it comes from free amino acids. & COHEN (1987) pointed out that the nutritional quality of protein-rich pollen is reduced if the amounts of essential amino acids is low. Their studies suggested that accuracy by amino acid composition is higher than by protein content in defining the nutritional value of pollen.
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Lipids
All samples met the values recommended in this Regulation (minimum 1.8%). The values found for lipid content of stingless bee-collected pollen are relatively high (Table 1 ) when compared to those of SOUZA et al. (2004) , who studied the same species. These authors obtained the mean value of 4.0%, similar Ciência Rural, v.46, n.5, mai, 2016.
to the value found by MARCHINI et al. (2006) , who analyzed pollen of bees of the genus Apis (3.6%). In these two studies, the Soxhlet method was used.
In the present study, we used the BlighDyer method to analyze the lipid levels of bee pollen, and our values are closer to those reported by BASTOS et al. (2003) who used the same method and found levels in the range of 6.1-14.0%. BRUM et al. (2009) stated that the good yield in the analyses of total lipids, using the BLIGH & DYER (1959) method, can be explained by the broad polarity range of the solvent mixture, and the solvent polarities are higher than those used in the SOXHLET method (1879). Therefore, the extraction of both polar and non-polar lipids is efficient.
According to CAMPOS et al. (2008), results of gas chromatography analysis revealed that lipids extracted from pollen consisted mainly of fatty acids, such as linolenic, palmitic, linoleic and oleic acids, and unsaturated fatty acids, which were about 70% of total pollen lipids (SERRA-BONVEHI & ESCOLA-JORDA, 1997; SZCSZENA & RYBAK-CHMIELEWSKA, 1998).
Ashes
All samples met the recommendation of the Technical Regulation for bee pollen (maximum 4%). The ash percentage reported in pollen samples analyzed in the present study (Table 1) 
Crude fibers
The percentage of crude fiber of pollen collected by the two stingless bee species (Table 1) was relatively high when compared to the values (mean: 3.4%; range 2,2-4,9%) reported by CARPES et al. (2009) in pollen collected by A. mellifera from the Southern region of Brazil. However, the values reported for crude fiber in the present study were closer to those found by BELL et al. (1983) in bee pollen from varieties of eucalyptus in Australia (6.9-15.6%). The differences between the fiber content in the pollen collected by meliponines and A. mellifera may be due to the different types of flowers, which are visited by these bees and used by them as a pollen source. The samples analyzed comply with the Regulation (minimum 2%).
Carbohydrates
Carbohydrate was the macronutrient with the greatest amount in the pollen samples analyzed in this study (Table 1 ). The value reported in this study for carbohydrates in pollen samples was similar to that reported by HUMAN & NICOLSON (2006) in fresh pollen from South Africa (34.7%), and SOUZA et al. (2004) calculated a mean percentage of 37.5% for glycides in meliponine-collected pollen. The Technical Regulation for bee pollen determines that the total sugar content can vary in the range 14.5-55.0% on a dry weight basis. Thus, the pollen collected by M. interrupta meets the recommended values.
Energy value
The simplified calculation of energy value for a food depends on the quantities of macronutrients present in it. The pollen samples analyzed in the present study are attributed to high caloric values due to their high lipid content.
In the present study, stingless beecollected pollen samples were analyzed for energy and our values (Table 1) were higher than those reported by SOUZA et al. (2004) , who also studied the same gender of bees in the state of Amazonas. These samples presented a mean value of 264.4kcal per 100g, mainly due to the lipid content, which was lower than that reported in the present study.
According to VINCENZI (2004) , the daily intake of pollen should not exceed 15g. The recommendation for pollen consumption is 10-15g day -1 for adults, 4-6g d -1 for children aged 3-5 years, and 8-13g d -1 for children aged 6-12 years. Therefore, pollen intake provides a maximum of 52kcal d -1 .
pH
The pH values of pollen aqueous solutions (Table 1) were lower than those determined by MARCHINI et al. (2006) , who studied pollen samples collected by the bee species A. mellifera and obtained the mean value of 5.1 (range: 4.8-5.3) in the period from Mar/99 to Mar/00. BASTOS et al. (2003) found pH values closer to those determined in the present study (range 3.7-5.5).
The low pH values obtained in the present study do not meet the requirements established in the Technical Regulation for bee pollen. However, this Regulation is based on bee pollen from colonies of the honeybee A. mellifera, whose pollen is collected in the entrance to the hives. The condition is different from that for stingless bee pollen, which is stored inside the hives and undergoes fermentation processes that may influence the pH value for this product. MARCHINI et al. (2006) and MODRO et al. (2007) reported, respectively, 76.3 and 72.0% of total solids in pollen collected by A. mellifera. These values were higher than those reported in stingless bee collected pollen, which was used in the present study ( Table 1) .
Total solids
The total solid content is directly related to the moisture content of the samples. The higher the total solid content, the lower the time required for dehydration. The pollen sample collected by M. seminigra presented 46.60% of total solids due to its higher moisture content (53.39%). In turn, pollen sample collected by M. interrupta showed 62.87% of total solids, due to its smaller moisture content (37.12%). Therefore, this type of pollen requires less time for dehydration, and this fact can facilitate processing for commercialization purposes.
Water activity (wa)
Various microorganisms that deteriorate food cannot develop in products with aw values lower than 0.90 (CORREIA-OLIVEIRA et al., 2008) . The highest value for wa (0.6) reported by BASTOS et al. (2003) was observed in dehydrated bee pollen sold in some cities in the states of São Paulo and Minas Gerais.
Water activity determined in fresh pollen samples analyzed in the present study showed high values (Table 1) . Therefore, we emphasize that pollen for commercialization must be conveniently dehydrated, since food with low values for wa are better preserved.
CONCLUSION
Most physicochemical characteristics of pollen samples collected by stingless bee of the species M. seminigra were significantly different from those of the species M. interrupta. Only the energy value did not show significantly difference between these species.
The values for moisture and pH of samples collected by both study bees, did not meet the recommendations of the Brazilian Technical Regulation, which establishes the values for identity and quality of bee pollen. Therefore, we recommend that further studies should be conducted to better characterize this product, and the specific Technical Regulation need to be updated, if necessary, because some characteristics that do not met the Regulation appear to be inherent to the Melipona pollen.
